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Monday, February 17, 2014 301aformation (71VTGVTAVAQKTV82). In the present study, we have investi-
gated the membrane interactions of this 12-mer peptide using 31P solid-state
NMR spectroscopy as well as infrared spectroscopy while the peptide structure
was studied by infrared spectroscopy. The phospholipids used have different
acyl chain lengths and different polar headgroups. The results show that the
peptide tends to aggregate and specifically interacts with the negatively charged
membranes.
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The association of the 99 residue transmembrane C-terminal domain (C99) of
the amyloid precursor protein with cholesterol-rich membrane domains (‘‘lipid
rafts’’) is thought to promote cleavage of C99 to release the Alzheimer’s
disease-promoting amyloid-b (Ab) polypeptide. Here, we test the hypothesis
that C99 has an intrinsic affinity for raft-like liquid ordered (Lo) domains
and that its domain preference is regulated by cholesterol binding. Fluorescence
microscopy shows that C99 undergoes efficient partitioning into Lo domains
relative to the co-existing liquid disordered (Ld) phase in giant unilamellar ves-
icles, establishing C99 as the transmembrane protein with the highest affinity
for Lo domains known to date. Lo partitioning is prevented upon mutating res-
idues that are critical for cholesterol binding to C99, indicating that binding of
this sterol is a critical determinant of the phase preference of the protein. Addi-
tion of coprostanol, a raft-breaking sterol that can compete with cholesterol for
binding to C99, shifts partitioning away from the Lo phase. These findings
identify cholesterol binding as a novel mechanism that controls the raft target-
ing of C99 and suggest that pharmacological inhibition of this process could
potentially be exploited as a therapeutic approach to avoid or treat Alzheimer’s
disease.
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Lewy bodies are the pathological hallmark of Parkinson’s disease (PD). While
fibrillar a-synuclein (aS) is the main protein component of Lewy bodies, these
structures also contain lipids. To elucidate the presence of lipids in Lewy
bodies, we investigated the interaction of lipids with monomeric and fibrillar
aS. In vitro, lipid membranes accelerated aS fibril formation under physiolog-
ical conditions. Moreover lipids and small vesicles co-localized with supra-
fibrillar structures and individual aS fibrils suggesting that aggregation initiates
at the membrane. The presence of lipids in Lewy bodies may therefore be an
indication that cell membranes are the major target in aggregation induced
neuronal cell death.
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The interaction between lipid bilayers and amyloid beta-peptide (Ab) is of
great interest in understanding Alzheimer’s disease (AD). Accumulating ev-
idence points to a positive association of cholesterol in the membrane and
AD, but a molecular-level interaction between cholesterol and Ab has not
been established. As an essential part of the membrane, cholesterol enhances
the fluidity of the lipid bilayer, which may reduce membrane permeation
caused by Ab, potentially alleviating its ability to rupture the membrane.
On the other hand, cholesterol increases the binding affinity of Ab to model
lipid membranes, as Ab shows little affinity to cholesterol-free membranes.
We studied the Ab conformations change in a model lipid membrane of
DMPC/DMPG/cholesterol by circular dichroism, isothermal titration calorim-
etry and fluorescence. The structural changes in lipid bilayers caused by Ab
was studied by grazing angle neutron diffraction (GAND) on multilamellar
lipid membrane samples in conjunction with solution Small-Angle Neutron
Scattering (SANS) on lipid vesicles. The experiments combine to provide
new molecular level details about how cholesterol and Ab interact in the lipid
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Pathological accumulation of a-synuclein (a-syn) is a feature of Parkinson’s
disease. This accumulation may be counteracted by mechanisms of protein
degradation that involve the proteasome and lysosome. Specifically, the lyso-
somal protease, Cathepsin D (CatD), has been suggested to be the main enzyme
involved in the degradation of a-syn in vivo. In vitro, only C-terminal truncated
species are generated, arguing that other mechanisms are needed to fully
explain a-syn degradation. Here, we show that N-terminally acetylated a-syn
also generates C-terminal as well as N-terminal truncated variants in the pres-
ence of CatD. These species are shown to be more aggregation prone. Since a-
syn associates with membranes, we have investigated the effects of various gly-
cosphingolipids such as glucosylceramide (GlcCer), on CatD degradation of a-
syn. It is known that GlcCer buildup is a hallmark of the lysosomal storage dis-
order Gaucher disease and that these patients have an increased risk of devel-
oping PD. Our data clearly shows that in the presence of GlcCer and CatD, a-
syn is completely proteolyzed. These data offer new mechanistic insight into a-
syn degradation in the lysosome.
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Fibrinogen and Alpha 1-Antitrypsin (A1AT) are plasma glycoproteins with
different, but specific functions. A1AT has been shown to have protective roles
of lung cells against emphysema, a disease characterized by lung tissue destruc-
tion [1], while fibrinogen is a major factor in the blood clotting process. Most
known glycoproteins have been shown to play a role in cellular interactions but
the exact role of the glycan chains is still under investigation. Previous electro-
physiological measurements show that A1AT has a strong affinity to lipid bi-
layers perturbing the function of ion channels present in the membrane. This
study was designed to investigate how protein-membrane and protein-protein
interactions affect the native conformation of the protein and membrane in
question. Two different glycoproteins were used for comparison purposes.
For A1AT, we performed contrast-matching small-angle neutron scattering
(SANS) and small angle x-ray scattering (SAXS) experiments to study the
structural changes of the glycosylated form of A1AT in the presence of three
different lipid membranes: POPC, POPS and DLPC. For fibrinogen, we per-
formed dynamic light scattering (DLS) measurements to find a suitable protein
concentration that would yield the reaction rate needed for a time resolved
SANS study of the structural evolution of fibrinogen polymerization in solu-
tion. Guinier fits were used as a first approximation to obtain the radius of gy-
ration (Rg) of A1AT, fibrinogen and fibrin. Pair distribution functions were
used to monitor the shifts in structural parameters and Bragg peaks were
used to study the structural changes of lipid vesicles. We observed that the
A1AT interacts with unilamellar vesicles and that fibrin structure is affected
by its polymerization rate. [1] Petrusca, et al., JBC 2010.
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Ubiquitin ligases are essential regulators of cellular homeostasis and have been
shown to contribute to cancer metastasis and new virus formation. The Nedd4
family of E3 ubiquitin ligases target a number of cellular substrates including
regulators involved in TGFb growth signaling and cellular motility. This 9-
member family of ubiquitin ligases has WW domains for target recognition
and C-terminal HECT catalytic domains for the covalent linkage of ubiquitin
to substrates. In addition, these proteins have N-terminal C2 domains that
bind lipids and enable them to localize to membranes.
We have discovered new properties of the C2 domain of the Nedd4 family
member Smurf1. The Smurf1 C2 domain acts as both a specific
phospholipid-binding protein and as an anionic charge sensor in vitro and in
302a Monday, February 17, 2014cells. Using surface plasmon resonance and centrifugation assays, we have
found that the Smurf1 C2 domain binds to phosphoinositides and phosphatidyl-
serine in an synergistic fashion. Confocal images of Smurf1 C2-GFP demon-
strate that the domain localizes to the plasma membrane as well as
intracellular vesicles in cells. Site-directed mutagenesis has shown the specific
residues in the loop region of the protein involved in its cellular membrane
localization. In addition, we have used a rapamycin-inducible phosphoinositide
phosphatase system to demonstrate that this domain binds phosphoinositides at
the plasma membrane. We conclude that the unique properties of the Smurf1
C2 domain to sense specific lipids in addition to anionic charge enable it to
target multiple subcellular locations.
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Lipid membranes are the basis of cell structure by providing stability and regu-
lation against certain stressors. The permeability of this membrane is regulated
through the distribution of phospholipids across a lipid bilayer. With the addi-
tion of cholesterol to the lipid bilayer the mixing behaviors of the phospholipids
present in the membranes are altered causing fluctuation in permeability.
Cholesterol has the ability to move freely across monolayers, contributing to
the communication passing through the bilayer. Annexin and the C2A domain
of Synaptotagmin 1 are two types of membrane binding proteins whose binding
affinity is affected in the presence of calcium ions (Ca2þ). With the combina-
tion of cholesterol containing lipid bilayers, Ca2þ, and protein the distribution
of phospholipids and cholesterol is fluctuated, causing alteration in the mem-
branes permeability. Both proteins were used in a carboxyfluorescein (CF)
release assay to study the fluctuation in membrane permeability with increasing
concentrations of protein. The measured efflux of this fluorescent dye in the
presence of increasing concentrations of protein with and without Ca2þ shows
these fluctuations in permeability across the lipid membrane. The amount of
cholesterol present in the membrane correlates with the measured CF efflux
released through the lipid bilayer upon binding of protein and Ca2þ. We hy-
pothesize that membrane binding proteins have the ability to sense certain dis-
tributions of phospholipids and cholesterol across the lipid membrane and
communicate changes within the membrane environment.
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Many neurodegenerative diseases are caused by aggregation or fibrillation of
membrane-associated proteins. Alpha-Synuclein (aS) is associated with Parkin-
son’s Disease as a major component of Lewy bodies, and misfolded aggregates
of human Prion Protein (PrP) are associated with spongiform encephalopathies.
Here we study the influence of these proteins on the organization and topog-
raphy of canonical raft-mimetic supported lipid bilayers (DSPC/DOPC/choles-
terol at 35/35/30 mol% on mica) using a correlated polarized Total Internal
Reflectance Fluorescence-Atomic Force Microscopy (pTIRF-AFM) platform.
pTIRF allows for high-speed measurements of dynamic processes at
diffraction-limited spatial resolution, while AFM gives time-averaged nm-
scale spatial resolution. Using pTIRF and an oriented lipophilic dye (DiI-
C18) we determine the local order in the membrane by measuring the ratio
of fluorescence parallel and perpendicular to the membrane plane, while simul-
taneously measuring membrane topography using AFM. Upon addition of aS to
our phase-segregated membrane system, liquid-ordered and liquid-disordered
domains were mixed and the local order increased such that lipid headgroups
were oriented more parallel to the membrane plane. Moreover, AFM topog-
raphy revealed the formation of long, closed-loop tubules. Addition of the
active segment PrP(106-126) to these raft-mimetic membranes resulted in a
similar mixing of domains and an increase of local order, while AFM revealed
the formation of peptide fibrils in and around cholesterol-rich domains. This
study provides direct evidence of membrane reorganization and restructuring
by aS and PrP, and the effect of membrane chemistry on aS and PrP self-association. These results portend future detailed investigations into the
molecular-level factors responsible for these effects.
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Charged lipid species in the plasma-membrane play an integral role in a variety
of signaling pathways, in which they function as second messangers as well as
docking sites for proteins. It has been suggested that the spatial organization of
charged lipids called phosphoinositides is not random_rather, they form nano-
scale clusters that are distinct from lipid rafts. Through super-resolution imag-
ing in live cells, we are investigating the role of these phosphoinositide nano-
domains in providing spatial regulation of the PI3K/Akt and IP3 signaling
pathways. Using PALM and photochromatic SOFI (pcSOFI) superresolution
techniques, we are working to create high resolution, time-resolved lipid
maps of the inner-leaflet of the plasma membrane. Lipids are probed using
various fluorescent protein-tagged pleckstrin homology domains, which are
coimaged with each other, with lipid raft markers, and with protein subunits.
The resulting lipid maps will provide information on the how lipids in the
plasma membrane are organized, and how this organization helps provide
spatial regulation of the PI3K/Akt as well as the IP3 signaling pathways.
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Ras is a membrane protein which acts as a molecular switch in the activation of
many signal transduction pathways involved in cellular processes such as pro-
liferation and apoptosis. Ras has been a subject of great interest due to the
causal role found between its hyperactivity and cancer, and studies have shown
that approximately 30% of all human cancers have oncogenic Ras mutations.
Although Ras has been studied for more than thirty years, the spatial organiza-
tion of oncogenic Ras on membranes is still not well characterized. It has been
suggested that Ras may organize into clusters in cell membranes but the molec-
ular scale structure of these organizations remain unknown. Molecular dimer-
ization of Ras has also been suggested and we quantitatively characterize this in
an array of Ras mutants in supported lipid bilayer membranes using fluores-
cence correlation spectroscopy (FCS) and photon counting histogram analysis
(PCH). The implications of Ras clustering on downstream signaling will be
discussed.
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Human glycolipid transfer protein (hsGLTP) represents the prototypical GLTP-
fold, characterized by a sandwich topology that forms a hydrophobic pocket for
encapsulating the ceramide moiety. The glycolipid-headgroup recognition cen-
ter located at the protein surface provides a hydrogen bond network and hydro-
phobic contacts to specifically recognize the sugar-amide region of the
glycolipid. On the other hand, the recognition center also includes residues
whose role in glycolipid recognition is unclear. Herein, we investigated the
role of such residues by introducing multiple mutations combined with analyses
of the signature response in intrinsic tryptophan fluorescence of GLTP (Zhai et
al., 2009, J Biol Chem. 284, 13620-13628) due to ligand binding. The approach
enables discrimination of normal ‘‘high-affinity’’ complexes from low-affinity
or super-high-affinity ones. Glycolipid transfer assays provide insights into
how the mutations affect intermembrane transfer activity and glycolipid selec-
tivity. Data show that Lys55 keeps the affinity for galactosyl:ceramide similar
to other glycolipids, such as glucosylceramide or sulfatide; whereas Leu92 and
the C-terminal Val209 residue adjust the affinity for all the three glycolipids
(sulfatide, glucosyl- and galactosylceramide) to optimize their binding for effi-
cient intermembrane transfer. Crystal structures of select super-high- and low-
affinity complexes provide insights into intermolecular interactions and protein
